The present study aims to determine the effect of feeding system for Iberian pigs during the fattening period on tissue fatty-acid composition and rheological properties. Twenty-four Iberian barrows of the same age with an average initial liveweight of 100.2 kg were randomly distributed into three groups of eight pigs each. One group was fed under free-range conditions for 117 d. The other two groups were fed in confinement either with acorns from Quercus rotundifolia or a concentrate diet. Differences on subcutaneous backfat fatty-acid composition were found among feeding systems with the outer layer of backfat in concentrate-fed pigs containing more SFA and total n-6 and less MUFA, directly reflecting dietary fatty-acid composition. The longissimus dorsi intramuscular neutral lipids (NL) of free-range pigs contained higher C18:1 n-9, MUFA and lower SFA proportions than those fed with acorns or the concentrate diet. The liver NL in pigs fed acorns in confinement contained higher C18:1 n-9, MUFA and lower SFA proportions than those fed a concentrate diet or in free-range. Subcutaneous fat from pigs fed the concentrate diet was higher in hardness than those fed acorns in confinement or in free-range, while adhesiveness was higher in pigs fed acorns in confinement than in the remaining groups of pigs.
INTRODUCTION
The Iberian pig is an autochthonous breed from the south-west Iberian peninsula traditionally fattened with acorns and grass in an outdoor free-range production system. Meat products from the Iberian pig are highly acceptable for consumers willing to pay a premium for the quality characteristics closely linked to the extensive feeding system (López-Bote, 1998) . Moreover, there is increasing consumer concern about biodiversity, preservation of threatened environmental areas, as it is the case with the Mediterranean forest, etc. (López-Bote, 1998) . Also, conventional intensive pork production is focusing attention on alternative rearing systems, including free-range conditions, because of animal welfare issues and the increasing demand for meat products not produced intensively (Bee et al., 2004) . Although there may be some positive implications for pig welfare, the relation of a pig's physical activity to slaughter yield and meat quality characteristics is unclear (Millet et al., 2005) . However, there is evidence of a higher nutritional value of the fat (lower deposition and more unsaturated). Moreover, technological properties (softer fat more prone to oxidative processes) may also be affected (Bee et al., 2004) .
The Iberian pig carcass fatty-acid composition is characterized by the lower endogenous fatty acid synthesis observed in the exercised pigs, together with the high concentration of monounsaturated fatty acids (particularly oleic acid C18:1 n-9) provided by the acorn. This results in a carcass rich in C18:1 n-9 (>50%) and with a very low concentration of palmitic (C16:0) and stearic (C18:0) acids (below 21 and 9.5%, respectively) (De Pedro, 2001) . Therefore, the meat from these pigs is more "healthy" from a nutritional point of view than that of conventional pigs, which provides further reasons for its consumption. The carcass value of the Iberian pig is set in the market according to the major fatty acid proportion in the subcutaneous fat, particularly regarding the C18:1 n-9 contents.
Although it is a matter of interest in many other productive circumstances, there is, to our knowledge, limited information on the influence of feeding system during the finishing period on Iberian pig fat quality and subcutaneous fat rheological properties. Therefore, the main objective of this experiment was to asses the effects of feeding system during the Iberian pig fattening period on the fatty-acid composition of subcutaneous backfat (outer and inner layer) and longissimus dorsi muscle intramuscular and liver lipids (neutral and polar lipids) and subcutaneous backfat rheological properties.
MATERIAL AND METHODS

Animals, experimental design and diets
Twenty-four Iberian barrows of the Torbiscal line of the same age with an average initial liveweight of 100.2 kg (SEM=2.2 kg) were randomly distributed into three groups of eight pigs each. One group was fed under outdoor free-range conditions with acorns from Quercus rotundifolia and grass for 117 days. The other two groups were located in individual cages and fed in confinement either only with acorns or a concentrate diet during the same period. The average daily amount (restrictive feeding) given of acorns and feed was 4.0 and 3.01 kg, respectively.
Measurements and analysis
Composition analysis of the acorns, grass and concentrate diet given during the fattening period was carried out according to AOAC (1990) . Fat of the concentrate diet, acorn and grass was analysed by the one-step procedure described by Sukhija and Palmquist (1988) in lyophilized samples. Methylated fatty acid samples were identified by gas chromatography as described elsewhere (Rey and López-Bote, 2001 ) using a 6890 Hewlett Packard gas chromatograph and a 30 m × 0.32 mm × 0.25 µm cross-linked polyethylene glycol capillary column. Individual methyl esters were identified by comparison with standards and by reference to published data (Ruiz et al., 1998; Lopez-Bote et al., 2002) .
Pigs were slaughtered at a local slaughterhouse at an average weight of 147.6 kg (SEM = 4.30 kg). Carcass weight and backfat thickness over the last rib were recorded. A sample of backfat from over the last rib was then removed and separated into inner and outer layers that were independently analysed for fatty-acid composition. A sample of longissimus dorsi muscle from over the last rib, and a liver sample were also taken for fatty acid analysis. Lipids from subcutaneous fat were extracted by the method proposed by Bligh and Dyer (1959) , while neutral (NL) and polar lipids (PL) from muscle and liver samples were obtained according to the procedure developed by Marmer and Maxwell (1981) . Fat extracts were methylated and analysed by gas chromatography as described by Rey and López-Bote (2001) .
The rheological properties of subcutaneous fat were determined by means of a TA.XT texture analyser (Stable Micro Systems, Surrey, UK) equipped with a cylindrical P25 probe. The following parameters were defined: hardness (H) = maximum strength required to achieve compression; area of the first compression (A1) = total energy required for the first compression; area of the second compression (A2) = total energy required for the second compression; adhesiveness = area under the abscissa after the first compression; cohesiveness (C) = A2/A1; gumminess (G) = H × C; chewiness (Ch) = S × G. To this end backfat samples of 2.5 cm diameter and 0.8 cm thick were removed and measurements performed at 6±1ºC. Three different samples were obtained from each pig and analysed independently. The texture analysis of subcutaneous fat was limited to the inner layer.
Statistical analysis
An individual pig was the experimental unit for all data analysis. Statistical analysis was performed by means of analysis of variance using the general linear models procedure contained in SAS (1999). Feeding system was the effect studied. The Student t-test was used to compare the fatty acid composition of outer and inner subcutaneous backfat layers. Data are presented as the mean and pooled standard error (SEM). A correlation procedure was also carried out to study the relations among backfat thickness, longissimus dorsi intramuscular fat percentage and hepatic fat percentage. Statistical significance was set at P<0.05.
RESULTS AND DISCUSSION
Chemical composition of the experimental concentrate diet and acorn and grass is provided in Table 1 . No significant differences in average daily gain during the fattening period were observed among pigs fed the concentrate diet in confinement, free-range pigs and pigs fed in confinement only with acorns for 117 days (426.5, 395.0 and 394.0 g (SEM=16.4), respectively. Also slaughter and carcass weights were similar regardless of feeding system 149.2, 147,4 and 146.2 kg (SEM=4.30) and 119.4, 116.5 and 116.7 kg (SEM=3.82), respectively.
Pigs were subjected to the same feeding programme and received a commercial diet from 40 kg to the beginning of the experimental period. Therefore, the same fatty-acid composition was observed at the beginning of the trial (data not shown). Fatty-acid composition and melting point of the outer and 2 SFA -total saturated fatty acids includes: C10:0, C12:0, C14:0, C15:0, C16:0, C18:0, C20:0; 3 MUFA -total monounsaturated fatty acids includes: C15:1, C16:1n-9, C16:1n-7, C17:1, C18:1n-9, C20:1; 4 PUFA -total polyunsaturated fatty acids includes: C18:2 n-6, C18:3 n-3, C18:4n-3, C20:4n-6, C20:3n-9, C20:5n-3, C22:5n-3, C22:6n-3; 5 n-6 includes: C18:2 n-6, C20:4n-6; 6 n-3 includes: C18:3 n-3, C18:4n-3, C20:5n-3, C22:5n-3, C22:6n-3 inner subcutaneous backfat layers are shown in Table 2 . As expected the outer and inner subcutaneous backfat layers from pigs fed the concentrate diet in confinement had higher C16:0 and total saturated fatty acids (SFA) and lower C18:1 n-9 and monounsaturated fatty acids (MUFA) than pigs fed with acorns during the fattening period. However, González et al. (2005) found no differences in subcutaneous backfat C18:1 n-9 and MUFA proportions when comparing Iberian pigs fed free-range or fed in confinement with a concentrate diet rich in C18:1 n-9. The outer subcutaneous backfat layer in pigs fattened under free-range conditions showed higher C18:1 n-9, MUFA and lower C18:2 n-6 polyunsaturated fatty acids (PUFA) and n-6 concentrations than pigs fed with acorn in confinement. Nevertheless, no differences on such fatty acid proportions were observed by López Carrasco et al. (2003) and Rey et al. (2006) when comparing pigs fed in free-range and only with acorns in confinement. Pigs fed under free-range conditions contained higher C18:1 n-9, MUFA and lower C16:0, C18:0 and SFA concentrations in the inner subcutaneous backfat layer than those fed only with acorns in confinement. López Carrasco et al. (2003) and Rey et al. (2006) also observed a higher percentage of C18:1 n-9 in the inner subcutaneous backfat layer of free-range pigs when compared with pigs fed acorns in confinement. Higher C18:1 n-9 concentration was observed in the outer and inner subcutaneous backfat layers in the free-range pigs (fed acorns and grass) with respect to those fed only with acorns in confinement. This may be explained by the high α-tocopherol contents in the grass (Daza et al., 2005a) , since α-tocopherol seems to have a positive effect on delta-9 desaturase activity (Okayasu et al., 1977) .The inner layer had higher SFA and lower PUFA than the outer layer, which is in agreement with the results obtained by Migdal et al. (2001) and López-Bote et al. (2002) . However, it is interesting to note that in the present study C18:1 n-9 and MUFA proportions were higher in the inner than in the outer layer in free-range pigs. Backfat C18:3n-3 and total n-3 concentrations were unaffected in the free-range pigs despite the relatively high concentration of this fatty acid observed in the grass. Under free range conditions a significant amount of grass is available only at the end of the fattening period. Taking into account that dietary fatty-acid composition reflects backfat fatty acid profile in the long term, and not in the short term, as in the more active tissues like the liver, it seems plausible to relate the lack of effect of grass 18:3 n-3 concentration on backfat to the short period of grass intake. The feeding system did not affect outer and inner subcutaneous backfat melting points. López-Bote et al. (2002) were unable to detect differences in fat melting points in the outer and inner backfat layers in regard to dietary fatty-acid composition. However, as in our study, they detected a higher melting point value in the inner than in the outer layer, which can be explained by the higher SFA content in the former.
The intramuscular fat percentage is closely related to meat tenderness and flavour (López-Bote, 1998) .The longissimus dorsi intramuscular fat percentages (LDIF) in pigs fed only with acorns in confinement, free-range pigs and pigs fed the concentrate diet in confinement were 8.54, 7.94 and 7.24% (SEM=0.51), respectively. These LDIF percentages were higher than those observed by Muriel et al. (2004) and Daza et al. (2005b) in Iberian pigs of the Torbiscal line at similar slaughter weights. Backfat thickness were 48.83, 47.37 and 46.62 mm (SEM=0.20; P>0.05) in free-range, acorn in confinement and concentrate fed pigs, respectively. According to our results, pigs fed with acorns in confinement tended (P<0.1) to have a higher LDIF percentage than those fed the concentrate diet in confinement. This may be a result of the higher fat content supplied by the acorns. Also, Tejeda et al. (2002) found a higher total intramuscular lipid content in free-range pigs (fed acorn and grass) than in pigs fed a mixed diet. No significant correlations between carcass weight and LDIF percentage and between backfat thickness and LDIF percentage were observed (r=0.18 and r=0.09, respectively).
The fatty-acid composition of intramuscular NL and PL in longissimus dorsi muscle is shown in Table 3 . The intramuscular NL contained higher C18:1 n-9, MUFA, lower C16:0, C18:0, SFA and similar C18:2 n-6, C18:3 n-3, PUFA, n-6 and n-3 concentrations in the free-range pigs than in those fed the acorns or the concentrate diet in confinement. These results are in accordance with those obtained by Daza et al. (2005a) in longissimus dorsi muscle and Petrón et al. (2005) in biceps femoris muscle from Iberian pigs when comparing free-range pigs and pigs fed a concentrate diet. Also, Rey et al. (2006) observed similar results as those obtained in this experiment. However, they detected higher C18:2 n-6 and n-6 concentrations in longissimus dorsi intramuscular NL in pigs fed a concentrate diet rich in C18:2 n-6, than in those under free-range conditions or those fed the acorn in confinement.
Pigs raised under free-range conditions showed lower C16:0 and SFA in the intramuscular PL fraction than those fed the acorns or a mixed diet in confinement. The C18:1 n-9 and MUFA proportions in the intramuscular PL fraction were lower in the free-range pigs than in pigs fed the acorn in confinement and similar in free-range pigs and pigs fed the concentrate diet, while C18:2 n-6, PUFA, n-6, C18:3 n-3 and n-3 concentrations were higher in free-range pigs than in those fed acorns in confinement, and similar in free-range pigs and in pigs fed the concentrate diet. These results are in accordance with Rey et al. (2006) , but Cava et al. (1997) and Daza et al. (2005a) observed a higher C18 :1 n-9 proportion in longissimus dorsi intramuscular PL in Iberian pigs raised under free-range conditions than in those fed a formulated diet in confinement. However, Rey et al. (1997) were unable to detect differences in C18:1 n-9, C18:2 n-6, n-6 and n-3 proportions in microsome extracts from longissimus dorsi muscle when free-range and mixed diet fed pigs were compared. 1, 2, 3, 4, 5, 6 -explanation see Table 2 The liver fat (LF) percentages were 6. 18, 6.04 and 5.25 (SEM=0.41) in pigs fed acorns in confinement, free-range pigs and pigs fed a concentrate diet, respectively. The pigs fed with acorns in confinement tended (P<0.08) to have a higher LF percentage than those fed a mixed diet, which agrees with López et al. (1990) . No significant correlation coefficients between carcass weight and LF percentage, backfat thickness and LF percentage and LDIF and LF percentage were observed (r=-0.11, r=0.05 and r=0.05, respectively).
The fatty-acid composition of liver NL and PL is presented in Table 4 . Pigs fed a concentrate diet showed lower C18:1 n-9 and MUFA proportions in both liver lipid fractions than free-range animals and pigs fed acorns in confinement.
The C18:1 n-9, MUFA, C18:2 n-6 and C18:3 n-3 proportions in the liver NL and PL fractions of pigs fed acorns were higher than those from the pigs fed in free-range, whereas C18:0, SFA, PUFA and n-3 concentrations in liver PL were lower in pigs fed acorns than in the free-range group.
In accordance with Ruiz et al. (1998) , the fatty-acid composition of intramuscular PL and liver NL and PL seems to reflect the feeding regime during the last phase of Table 2 the fattening period. The reduction of available acorns at the end of the fattening period under the free-range conditions would explain the reduction of C18:1 n-9 and MUFA proportions in intramuscular PL and the NL and PL liver lipids in the free-range group compared with acorns fed in confinement.
The influence of feeding system on texture analysis of the inner subcutaneous backfat layer is shown in Table 5 . No effect of feeding system was observed on rheological properties except for hardness and adhesiveness. Pigs fed the concentrate diet showed higher values of fat hardness than those fed with acorns or in free-range, while the adhesiveness was higher in pigs fed with acorns in confinement than in the free-range group. There is little information on the influence of the feeding system on rheological properties of fat in Iberian pigs. Miller et al. (1990) reported a lower fat firmness in pigs receiving diets with a high PUFA content, but D'Arrigó et al. (2002) did not find effects of dietary fat on lard rheological parameters (hardness, adhesiveness, gumminess and chewiness). López-Bote et al. (2002) working with Large White × Great York pigs, showed positive and negative relationships of subcutaneous fat hardness with the melting point and the unsaturation level, respectively, and Daza et al. (2005c) observed increased adhesiveness in the subcutaneous backfat in Iberian x Duroc pigs fed diets rich in PUFA or vitamin E.
CONCLUSONS
Iberian pigs raised under free-range conditions contain a healthier fatty acid profile in the subcutaneous backfat and the intramuscular longissimus dorsi NL fraction than those fed acorns or a concentrate diet in confinement. The subcutaneous backfat in pigs raised in confinement and fed with acorns contains a fatty-acid profile with higher commercial value than in pigs fed a concentrate diet. The fatty-acid composition of the inner subcutaneous backfat layer is a good indicator of the feeding background, whereas the intramuscular fatty acid profile in longissimus dorsi muscle and the liver lipids are poor indicators.
